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Effect of ecological factors and physiological factors on the net photosynthetic rate

of Ulmus pumila at various growth stages
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1 Inner Mongolia Agricultural University, Water Conservancy and Civil Engineering College, Hohhot 010018, China
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Abstract: This study measured physiological factors of Ulmus pumila, namely the net photosynthetic rate (P, ), upper
epidermis stomatal conductance ( G,-u) , and lower epidermis stomatal conductance (G,-/), in Otinday Sandland (42°23’
N, 115°37'W) of Inner Mongolia using 1i-6400 portable photosynthesis system. Ecological factors, namely the atmospheric
temperature (T,), photosynthetically active radiation (PAR), concentration of carbon dioxide in the atmosphere (C,),
and relative humidity of the air (RH) were also examined. Based on the measured data, the relationship between P, diurnal
variation in U. pumila at various growth periods and ecological factors and physiological factors was assessed using
correlation analysis, path analysis, decision coefficient analysis, and grey correlation analysis. This knowledge is essential
to reveal the physiological characteristics and formulate generalizations regarding the cultivation of U. pumila in Otinday

Sandland. Regardless of growth period, P, exhibited bimodal diurnal variation with varying degrees of photosynthesis
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“midnaps.” P, was highest in August (8.18 pmol CO, m™s™") , lowest in September (8.18 wmol CO, m™s™" versus 6.52
pmol CO, m™s™) , and intermediate in July (7.92 wmol CO, m™>s™"). In the three months from July to September, P, was
found to have significant positive correlations with PAR, which had the greatest direct influence and thus the largest decision
coefficient, and G -u, which had the greatest indirect influence but a smaller decision coefficient than PAR. The other
factors exhibited varying degrees of influence on P,. The relative influence of ecological factors and physiological factors on
P, depended on the growth period. T, and RH were the main controlling factors in July and August, respectively, and all
factors had positive contributions. Although P, was mainly influenced by PAR and G -u, regardless of growth period, a

simple linear functional correlation was not found owing to interactive effects.

Key Words: ecological factors and physiological factors; grey correlation analysis; net photosynthetic rate; path analysis;

Ulmus pumila
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Ji, m R ACATR, B VA | M I SR DL A 4 O AR M R IR 0k 3 SRR 1247.5m, %
X Ja s 2 TR RS, 24N 2.3°C , H e i iR B R 36.1°C , H R AR EE J1-38.4°C ; Z4FF-
PIRE R 0 358.3mm , FEFHEARE N4 LAY, REB 4R hE 2 28 H IR K DLRER R, 24573 H BB 5Oy
3010h; ZAE 1S E N 87.7kpa ; ZAEFERIRGE N 3.5m/ s ; ZAEFAHRHEE N 60% ; TTREMI N 105 K,
1.2 5k
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W), Hoh 5 PAR (G,-u Rl G- 7 0.01 7K 152 B35 1A, 5 RH 7% 0.05 /KF 12 W EADC, 8 H i
B P HAEEY PAR T, (G -u F1 G -1 BJ7E 0.01 7KV E 2 B EIEAX, 5 C, 1 RH HCHEAEZE, 9 T H ik
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Table 1 Correlative coefficients between net photosynthetic rate of Ulmus pumila and ecological factors and physiological factors at various

growth periods

AR 2 &ALk ERESAL TERESAL Z5 S ARXT
A1 AT (PAR) (T,) WEE(C,) FE(G-u) FE(G,-D) W2 (RH)
Month Photosynthetically Atmospheric  Concentration of Upper epidermis Lower epidermis Relative humidity
active radiation temperature carbon dioxide  stomatal conductance stomatal conductance of the air
7 H July P, 0.600 "~ -0.028 -0.023 0.599 ** 0.596 ** 0.251"
8 H August P, 0.740 " 0.283"" 0.023 0.522** 0.473 " 0.043
9 H September P, 0.684 " 0.574" 0.254 0.404 " 0.358 -0.471""

sk FIRAE 0.01 PO ERIEAZ, = . FIRTE 0.05 K- (M) - BEAR,

2.3 MO R S A A R AR B R 38 A o B S p SR R B
231 #HBRSHT

A& IR G A R S RS AR B TR AR R BOTR A R 2, kR 2 AL T Ay
SRS TR BN X P, EAEVE R PAR A9 ELEEER R 0.594 , KT HoAth X 1 A9 ELREE F, TRl Aok
T HA P T TR, U8 PAR X P, A BRI AR HEVE T 5 G -u R RH XTI P, EL 330 42 2R 00 5
“h0.388 ., 0.284 , K T ik oA PR - A TRl E A2 R A, BED] G -u I RH VAR P B 3552 ) RT3 3k At
R P A )52 0] 5 7 6 P, B ELAEAVE FH M IE(EL(0.123) (AFE4 I FAH B 25 S E T, 7,5 P MIE R B
RAE TR UL AR A P AR B X% P AR S bk, T,/ ¢ s P B4 AE /N T ad
PAR WIRHEAEH] BBt 7,80 €, F 28 5 PAR B RHEAEHIRSZ s i P, 5 G -0 SR P, B4R /N 138
it G -u BREEVER], L G -1 FEEL G -u B RIFEAE I AR ) P, .

8.9 13, PAR Xf P, I ELHEE AR RE AR IE(E (435128 0.687.,0.557) , b IR [A A& 1 PAR Xf P,
HERMRIIER, 8 A PAR.C, .G -u Ml RH &8 i3 A G XM i Pt ATVER i T, & PAR X} P, il
HEH, G -l FEEL PAR il G -u XF P AFAEH . 9 A0 PAR .C, Ml G -u EZ A B XHRR Y Pt 71
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Ripw > Rig . > Riwy > Ry > Rl > Ric, ,RH PSR RECH GUE BN, Ry EEE MR G A i, HHAEH
BRI C, 0 RH(AM 5120 0.164 F10.345) 38 53 HoA R 7 XF P, i 8] 824 H R 6 (43 518 -0.019 F1-0.089) , K
AR T C, M RH 5 P, R B0 HEAEH SRIBAER Z MM S 250 , il C, 7 RH PLR R 5k
Fiflic 9 BN Ry > Rigy > RYy ) > Rigyy > Ric, > Rigyy A IFIUPSR RBOY M IR, T LA R
YER, BRI ACR R A B 1 PAR HYPSR R B0 ok o e As i,

R2 AEEEHAMELSEXRSESEFNEEEFENBERREFRRRE
Table 2 Path coefficients and decision coefficients between net photosynthetic rate of Ulmus pumila and ecological factors and physiological

factors at various growth periods

A TR TR 2 7 B

A4y sl *ﬁ%%ﬁ Hﬁéﬁﬂ(%ﬁ Indirect path coefficients y%%'%ﬁ
Month  ecological factors and Corre-la-tlon DII‘B(‘,-I I_)alh R Decfsu.on
physiological factors coefficient coefficient PAR T, C, G,-u G-l RH A1t coefficient

7H PAR 0.600 0.594 0.053 -0.006 0.020 0.007 -0.068 0.006 0.360
July T, -0.028 0.123 0.253 -0.007 -0.122 -0.036 -0.237 -0.150 -0.022

C, -0.023 -0.051 0.065 0.018 -0.054 -0.010 0.007  0.027 -0.001

G,-u 0.599 0.388 0.030 -0.040 0.007 0.092 0.122  0.212 0.314

G-l 0.596 0.098 0.040 -0.045 0.005 0.365 0.134  0.498 0.107

RH 0.251 0.284 -0.142 -0.103 -0.001 0.167 0.046 -0.033  0.062

8 H PAR 0.740 0.687 0.109 -0.039 0.072 0.013 -0.102 0.053 0.545

August T, 0.283 0.195 0.383 -0.057 0.057 0.004 -0.298 0.088 0.072

C, 0.023 0.164 -0.162 -0.068 -0.032 -0.003 0.125 -0.14 -0.019

G,-u 0.522 0.244 0.204 0.045 -0.021 0.049 0.001 0.278 0.195

G-l 0.473 0.059 0.149  0.012 -0.008 0.202 0.058 0.414 0.052

RH 0.043 0.345 -0.203 -0.169 0.059 0.001  0.010 -0.302 -0.089

9H PAR 0.684 0.557 0.102  -0.065 0.014  0.002 0.075  0.127 0.452

September T, 0.574 0.130 0.437 -0.129  0.038  0.005 0.093 0.444 0.132

C, 0.254 0.389 -0.094 -0.044 0.030 -0.001 -0.027 -0.135 0.046

G,-u 0.404 0.317 0.024  0.016 0.037 0.027 -0.016 0.087 0.156

G-l 0.358 0.029 0.041  0.022 -0.012 0.291 -0.013  0.330 0.020

RH -0.471 -0.103 -0.404 -0.118 0.102  0.049  0.004 -0.368 0.086

PAR—& A %445 5t ( Photosynthetically active radiation) ; T,—%5 i B ( Atmospheric temperature ) ;

C,— AL ( Concentration of carbon dioxide) ;  RH—25 S AHXEE ( Relative humidity of the air)
G -u— 1 F S FL T (Upper epidermis stomatal conductance) ; G,-I— T 2 ¢ S FL 5 ( Lower epidermis stomatal conductance) ,

2.4 MRV A R AR S B A AR B DR R £ DR A BT

ANTA) 33 2R BT A v e TR 5 A 25 DR A A DR ) A AR 8 DI B RSB e 4 U R 26 3,

XET RG2S R AR 0.1 B A P55 AR 25 B 1 R0 2 B3 DR 7 ] SCIBEBE 19 K/ A PAR G-
G-l.T, RHFIC,, BRANRY, T M C, FEET PAR BRI ki i P, 3 2800 0.1
B, DI RE 1 R/ INIBF TN R S PAR (G -u (G -1 B RH X 5 IR RBP4 AR — 3, 4 HER B8 0.3
F10.5 I A P, -5 A 25 PR R0 A B PN 7 [R] G IE BE 9 K/ N — 3, M G -u PAR .G -1 T, RH F1 C,, 44y ¥%f
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K00 0.1.,0.3,0.5 B, SRR P, 525 D R A BR 0] SE R P kA T LA B B, R TR A 4y B R B G -1 T, |
RH FI C, Y7 A 500, 6 PAR AT G -u BN RS AE 5200, (45 PR B4 S ML e 2 AL A, 33X 308 BH 20 9 R 4
k ELAT B A BT X1 A B0 4 A 1 52 2k

XF 8.9 HA #1430 Hr & B, AR 40 B R EOS AR P, 5 A5 25 R A 3 PR = ) ) IR I A s, 8 A
1y KHF B B K/ NF A PAR (G -1 .G -u . RH T, F C, il 517, G -1 EEE T G -u X P, 17 R4 1E
FH R SEBE E A9 A/ INIUF RN PAR (G -u RH T, F1 C, X 5858 R B as A —2, 9 A0y LBRE Y
KN H T, PAR .G -u G-l RH F1 C, 382533, T, 238 i PAR Xt P b frm#/E, G -l %
Wit G -u SHEA P UEATIRIEEME ], RH 55 1 PAR F1 T, XMk P, R A7 A1 R, DRI I DG 6 J3E 14 /NI
AN PAR (G -u F C, , [AIFE 5 DR R B I 45 R AR — 3

#3 TRABHNMSEEERSESETMERETFHRELESH

Table 3 Grey correlation analysis between net photosynthetic rate of Ulmus pumila and ecological factors and physiological factors at various

growth periods

oA R
HERRFR Net photosynthetic rate
Aty AR B I PS SR IR B ST
Month Ecological factors and  Agsociation Correlation Association Correlation Association Correlation
physiological factors  coefficient order coefficient order coefficient order
0.1 0.3 0.5
7H PAR 0.427 1 0.647 2 0.741 2
July T, 0.416 4 0.634 4 0.729 4
0.388 6 0.612 6 0.710 6
G,-u 0.426 2 0.650 1 0.742 1
0.420 3 0.642 3 0.740 3
RH 0.405 5 0.631 5 0.728 5
8 A PAR 0.465 1 0.683 1 0.770 1
August T, 0.411 5 0.635 5 0.733 5
0.386 6 0.614 6 0.714 6
G,-u 0.429 3 0.655 3 0.749 3
0.454 2 0.670 2 0.759 2
RH 0.415 4 0.643 4 0.740 4
9 A PAR 0.375 2 0.593 2 0.692 2
SeptemberT, 0.424 1 0.638 1 0.736 1
c, 0.213 6 0.439 6 0.535 6
G,-u 0.366 3 0.583 3 0.686 3
G-l 0.349 4 0.575 4 0.680 4
RH 0.329 5 0.556 5 0.665 5

3 Fit5iTie

— RS R A AR H A AR R TG, A8 1t £ 52 DU Y s pp e U RS SR AT A
TRV I G R B U Y 2, B AN R R JEE D65 PR 28 — NI (E 2 H BRURA LR O B <UL
BINCIP =R el Ve L S L TR b9y Wy Y T A R {13 S 5 IR = -
TRERR IR, RN TALER > A CO, Ml i /b, S HOL & BAR WK, 25 BEFRCEAR80R
Dol R AR FRARR , AL Bt B R84 O R v e CO, IR e o 388, O & s AR o g i, DAY kg o AR — A
W fE

JeRESE AR R AL RO RE B AR AT A A B EERE . ALY A AR T DL SR I SRR B 2 IE
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M, —RKZH PAR #AKAT, P, bl PAR AYBSINTTHE A, i 246t KRt P, BE PAR 284k g8 A
A WAESHE TR ERE 7 PAR SHiR P AHSCREUR K, H PAR M ELEAE IR T AL i ek ) 42
YEFH, U6 PAR T2 MAGAR 1Y) P, , DI 52 WA B A A0 IO 1) 5 A5 7 A, A ARG 24 7 e 381 B 42 1 S il
G.-u S P, B ARG, B AR R T N F A T2 /E D, FLUR SR R EUR T PAR, B R R A&
Wit P, 2252 PAR Al G,-u 52RO A2 HA R AN [ B2 A T2 ke ) 25

T B 55 T R S A O, PO T SRR A S A VR F S SR -Rubisco Y8 1 TR BE S 25—30°C
TGP 0 A B R O A s R A /N K T TR vT I S R A P, MR R S DAL AR AR
SEUSE 7 Hy T RERAME R 32.2°C, F e T EE A 36.1°C, HE A B8 R0 i iR BE A K, R T % P A BRI

IRAIIFAIHTRI T A0, 4 B R BN 0.1,0.3.,0.5 B A0 P, 45 4 25 PR 7 R A BHLER 1] 194 5 156 7 1Y
SR ZE SRRV, PR RECN 0.1 B ST 5 AH5C 0T GBS BT R SR R BT i 45 1A — 3, 8 9 A
U A TR ) 43 3 R BSOS TR P, 5 24 285 DR R A4 R - (i) ) S BB YA 5 T, 3549 55 D 56 R B0 T 245 SR A — B
[l 43 2R A k BB/, 70 R s kBB B, 43 S/ | U B & BRI 14 D R it vy D I0K B 1Y)
X A3RE T, 38 T LA 55 A0 ) 5 5 (% DI B 1 52 )

25 FAR AR T I P, AL £ 552 PAR F G -u BISEI  {H PAR F1 G -u XF P, (50 A AETE f]
BRI DGR W P, 3% PAR I G -u SR A RIS 8 32 HoA [ F Y 25 & 52, TR, SR B AR il 4
R HARCARFAE 5 A S P A B F 19 26 2R WP UR AR 7R AR B AE R PG 5 ves 7 Ak b ALY Ak R A B
YER,
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